Breastfeeding among methadone-maintained women is frequently challenged because of unclear guidelines regarding this practice. Previous research has confirmed that concentrations of methadone in breastmilk in the neonatal period are low. Currently unknown are the concentrations of methadone in breastmilk among women who breastfeed for longer periods of time. The purpose of this research is to examine concentrations of methadone in the plasma and breastmilk of women who breastfeed their infants beyond the neonatal period. Four methadone-maintained women provided blood and breastmilk samples up to 6 months postpartum. The concentrations of methadone in blood and breastmilk were low, contributing to the recommendation of breastfeeding for some methadonemaintained women.
INTRODUCTION
THE AMERICAN ACADEMY OF PEDIATRICS recommends breastmilk as the preferred feeding for all infants with few exceptions. 1 The population of infants exposed to methadone in utero, at risk for multiple health and developmental disabilities, 2 stands to substantially benefit from the well-known advantages of breastmilk. Yet methadone-maintained women have low rates of lactation due to difficulties presented by care providers, mothers, and infants. 3 Research to date has shown that concentrations of methadone in breastmilk during the neonatal period are low and unlikely to have any effect on the breastfed infant. 4-11 Previous work by this group has shown that the concentrations of methadone in breastmilk are low, unrelated to maternal methadone dose, and increase over time in the first 30 days of life. 11 Absent from these reports are discussions regarding concentrations of methadone in breastmilk among women who choose longer-term lactation.
SUBJECTS AND METHODS

Subjects
Five methadone-maintained lactating women provided breastmilk and plasma specimens monthly, up to 6 months, for as long as breastmilk was a daily part of their infant's diet. Subjects were in their late twenties (mean age = 27.8 years, SD 5.4); three were Caucasian, and two were African-American. All but one smoked cigarettes daily (three of them 1 pack per day, one ½ pack per day). Two subjects were primiparous. One infant was male, and birth weights were appropriate for gestational age (mean birth weight = 3,197.0 g, SD 322.7). Specimens were taken at any time of day coincident with a pediatric clinic visit, scheduled as close as possible after the infant's monthly birthdate. Paired samples of foremilk and hindmilk were collected from the same breast, identified as the breast opposite that used at the last feeding, using an electric breast pump. Foremilk was collected prior to the infant's feeding; hindmilk was collected from the same breast after the infant had ceased feeding from that breast. Maternal plasma specimens were collected simultaneously. Infant plasma was collected at any time blood was routinely drawn during the pediatric health care maintenance visit. Time of last maternal methadone dose and other medication intake was recorded for each participant. Maximal infant ingestible dose was calculated using the maximal concentration of methadone in breastmilk and mean infant milk intake established for same age infants in previously published research. 12 Informed, written consent was obtained for all participants. The research was approved by the local governing institutional review board.
Laboratory analysis
Breastmilk specimens containing methadone and metabolites were obtained from methadonemaintained breastfeeding mothers and stored in polypropylene vials at −20°C until time of analysis. Preparation of breast milk specimens included methanolic protein precipitation followed by solid-phase extraction (SPE). Extracts were analyzed by a validated liquid chromatography atmospheric pressure chemical ionization tandem mass spectrometry (LC-APCI-MS/MS) method. Briefly, 0.5-mL aliquots of breastmilk were mixed with internal standard and chilled methanol to precipitate proteins, followed by centrifugation. The organic supernatants were partially dried under nitrogen and subjected to SPE. Eluates were evaporated to dryness under nitrogen and reconstituted in mobile phase and analyzed for methadone on an LCQ Deca XP ion trap mass spectrometer (ThermoFinnigan, San Jose, CA). Identification and quantification of methadone were based on selected reaction monitoring. The limit of quantification (LOQ) was 10 ng/mL with a linear dynamic range of 10−500 ng/mL. Extraction efficiency was >97% with inter-and intra-day imprecision <20%.
Maternal blood was collected in lithium heparin tubes, mixed well, centrifuged prior to separation of plasma, and frozen at −20°C in polypropylene tubes until analysis. Plasma specimens were analyzed by gas chromatography mass spectrometry (Agilent, Dover, DE) following SPE using minor chromatographic and extraction modifications of the method of Galloway and co-workers. 13,14 The LOQ for methadone was 5.0 ng/mL, and the range of linearity was 5−2,000 ng/mL. Intra-and inter-day imprecision was <20%.
Infant blood was collected in lithium heparin Vacutainer® tubes (BD Diagnostics, Franklin Lakes, NJ), mixed, and centrifuged at 500 g to separate plasma. Infant plasma was stored at −20°C in polypropylene tubes until time of analysis. Plasma specimens (200 μL) were diluted with 600 μL of acetonitrile, mixed, and centrifuged at 3,130 g for 5 minutes to pellet the precipitated protein. Supernatants were dried completely under nitrogen, reconstituted with 200 μL of water, and analyzed by a validated LC-APCI-MS/MS method. Identification and quantification of methadone were based on selected reaction monitoring. The LOQ for methadone in infant plasma was 1 ng/mL with a linear dynamic range of 1−500 ng/mL. Extraction efficiency was greater than 87.5% with inter-and intra-day imprecision <20%.
RESULTS
Results from four subjects who had complete analysis of specimens and comprised the final sample are presented in Table 1 . Day 30 data for the four subjects have been previously reported within a larger sample. 11 One woman (subject number 1) was maintained on a selective serotonin reuptake inhibitor throughout the study period; no other women required chronic medications other than methadone, and all denied relapse to licit or illicit drug use or alcohol consumption. None of the infants had significant health or developmental concerns in the first 6 months of life as determined by the pediatric health care history. Sampling times were variable, from time of trough maternal methadone level (the hours prior to daily methadone dosing) to peak (1−3 hours after oral methadone dosing). Despite variable sampling times and methadone doses, concentrations of methadone in breastmilk and maternal plasma were low, consistent with previous research. Maximal infant ingestible dose of methadone was calculated for each subject at 30 days, and for subject number 4 at each month, because the concentration of methadone in breastmilk was obtained at the approximate time of peak maternal methadone levels for each. The calculated ingestible doses at each time period were low, less than ⅓ mg per day.
Maternal plasma and breast milk specimens from the fifth subject were unavailable for analysis because of laboratory error. For this subject alone, infant plasma was obtained at 1 year. At this time the child was breastfed during the nighttime only, and had been last breastfed approximately 12 hours previously. The child's plasma methadone concentration was 2.0 ng/ mL. This child had no significant health or developmental concerns during the first year. For one subject (number 4), methadone dose and breastmilk/plasma sampling times remained relatively consistent (at approximate times of peak maternal plasma levels) for 6 months; her results are presented in Figure 1 .
CONCLUSIONS
Little is known regarding the long-term effects of prolonged breastmilk consumption by children of methadone-maintained women. Results presented in this report confirm that, among women breastfeeding beyond the neonatal period, concentrations of methadone in human milk are small, and the potential exposure to the infant is low and unlikely to have any negative effect on the developing child. Results contribute to the recommendation of breastfeeding for women requiring methadone maintenance and the designation of methadone as a medication usually compatible with breastfeeding. 15 Methadone was present in the plasma of one infant breastfed for 1 year, though at a low concentration. Limitations of this study include small sample size. Future research should focus on health and developmental outcomes of infants born to methadone-maintained women who breastfed for periods exceeding the neonatal period.
FIG. 1.
Subject number 4 peak pre-and post-feed breastmilk and plasma methadone concentration: pre-feed breastmilk methadone concentration (•), post-feed breastmilk methadone concentration (■), and maternal plasma methadone concentration (▴). Max dose, maximal ingestible infant dose methadone via breastmilk per day.
